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Abstract of JP9064484 

PROBLEM TO BE SOLVED: To provide a 
vertical resonator type semiconductor laser 
which oscillates with a low threshold 
current. SOLUTION: An n-type ZnSe layer 
12 5 a multiquantum well layer 13 
constituted of a ZnCdSe well layer and a 
ZnSe barrier layer and a p-type ZnSe layer 
1 4 are laminated one by one on an n-type 
GaAs substrate 1 1 . A poly cry stalline ZnO 
buried layer 15 for constricting a current is 
arranged in both sides of the p-type ZnSe 
layer 14. Multilayer film reflection mirrors 
17p and 17n constituted of a poly cry stalline 
Si02 layer and a polycrystalline Ti02 layer 
are formed on the p-type ZnSe layer 1 4 and 
in a surface of the n-type ZnSe layer 1 2 
exposed by etching the GaAs substrate 14 
as a reflection mirror for obtaining laser 
oscillation. Furthermore, a p-type AuPd 
electrode 16 is set on a ZnO layer 15 to 
cover the reflection mirror 1 7p and an n- 
type AuGeNi electrode 1 8 is set in a rear of 
an n-type GaAs substrate. 
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[fp#i#g] nMGaAs««l l<7)±tC. nSZnSeigl 
2 „ ZnCdSe#Fil fc ZnSe/ n* D b frh fitfiSt § ft & 

mttpm 1 3 . aypsznseii 1 4 srjmacflMrr * . p 

i6«0RSt^t LT . pMZnSeS 1 4 CO±b GaAsS« 1 4 

k . asi o 2 m t io 2 Mb tiz&m 

$ t>l,z , ZnOJf 1 5 0±tc(iS*fM 1 7 p £S o J: o IZp 
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- V I tt¥*flcM*l j&>4, Wjft £ ixt n S pIx b 9 df ^ -v ;P 
f ^II b ? df -> -V ^Jl&tfngix b ? dp v^r /WltD^S: 

< k t -Jjco±_l,zmf$. £ tvfz ZnO® k . * ffi z. , 

- VI S^z$ffc*m*>£> $ ixT V ^4 pMx b ? df is * )V 
mRX/t&x. b ? dp -w Wf k . 

f £p3>x b * dp a* /W«St/n^x b ? dp -wUJlco^-3r 

< k t-^±t»«3nT. «8Sfc»85-f fcZnOJB 
k. 

•rssstttk. 

KESt Ilk ISZnOJS fc Oiafctfc**- *Kx b ? dp is -v;U 

Cf«*«6 ] IffiEKItttJiTiOj kSi0 2 k frh%&§>m 

[ M&B 7 ] HiriapSxb ^ dp -w Wf $.VnMx b ? 
*is*>vmt HuKZnOJl k £-£tf1tJHf j£#'GaAs»1£0 

_tfc:#JS3*lT*$ 0 , &GaAs£K(3$tt Lfc A uiGe 
kN i fcjfr6$r4Wi£$&Cfl*.TV**. 1**^5* 

6 ^KifficoiliSftjllgSfBtS^ . 

carcass] wsg^Kioiapaf^^ri-i^iHWicfflE 
k. 

K^m»«caEKtf5±tcjg*s*i.fcjB i <7)xb^dp is^jum 
k. 

%m i oxb^dp iy^^mcr>±i,zmm.^ tu&mm t % 
tm&m<7)±izmf& s tut m 2 ox u ? ^ /wi t . ' 

I£jf5 2 OX b ^ dp ^ ^ ^Jf ^J&£ ^ ^ ^£7)^(1 £ffl 

l^20Xb^dpix-^;UJi<7)±t-, fgznoatcH^as 

K^ffcS«coKISPgP£jI fCKSJ UT t 1 CO 

x tr? dp ^^ypJi<?5amJbfc:»*S<ifclB 2 coRSt^ 



IBZnOilk Miem 1 <aRSt«fc fc#4*ufc««<0±fc:JB 

mii*mfcmm<7)$m< / zmfczixfzm2<7)mmt, 

[fW&fl 1 0 ] |JIEim»*a«3&«GaAsaHRT2b 0 . ^ 
GaAsfflRKlfiaaLJtAukGekN i k*»4>5flr*«ffi* 

c h^js 1 1 ] luteal i atfss 2 o^:stM«± » -tit-f 
ztix^z. mico3iv?*i'^)i-mb'&&mtm2(?) 

l^g 2 COX b^ dp ^ ^ ;pJi S: CH 4 1 H 2 k Xe k k 

[ mem 1 4 ] mrie^ wmvMzinomzmifr&ttjL 
nzzb ^-a-^r 4 , 1 3 (cie«icofiia*ffiiis 

[ m^m 1 5 ] mriezno^ tzm&tuzuwuz , r?x 

icieKcoSil^SfSM^^^coSSjt^ffi. 
tit*J|l6]. mflEmicoxb^dp^^^jftHtfiB^ 

ttSk mrteSI2coxb^dp^^;i,ak 5r#tf«JHf3t^* 

GaAsS«co±fc^*§ilT*3 0 , 

IgGaAs*^ SrNH, OH k H 2 0 2 k H 2 0fc CO^^MT'X y f-y 

-^-Tl.. 3-1 5 co V ^^*Hcl£SicoSiia±ii 

SM^S^coi^t^rS. 

[ W#JS 17] I i-viUj^WfWimjb* 4> 4 x b ^ dp 
>-^;Wfco±k:. r^Xv-ftt^igS&ffl^T. zno. t 

i 0 2 Rt^Si 0 2 ffl*»4> & 4 ?)V-~Tfrt> $ » 
S^coKjt*^. 

[ff^JBl 8] GaAsS^$r v NH 4 0HkH 2 0 2 kH 2 0k &± 

C%HBcoP«B=5:ift^3 
C000 1 3 



[0002] 

tmX'fo v\V H * y ^m&foViTlX'h hZt 
■§>) <Qmfttf'i£$tt,zm>tlX\<->&. Ml 4(i, ZnSe^II 

-vi 8e¥Wttfm * ffl t ^«!3tw>*ittft«a®«fe¥« 

ttU— tf 1 4 0 0OM^-#J£*-f »OTEIT'&I> . 
[0003] SftcWfcUi. Si £ K-r LfctfflGaAsSS 
14 1 CI £ K— 7*LfcnMZnSeXt?df^-wP 

1142, ZnCdSevSttil 14 3, N£ K— 7* LfcpMZnSe 

xtr^jf i"*)vm i 4 4 . &t>\ $>mgksio 2 mt§r*§& 

SiNJBfc3&»4> 5 5rft^«IBRa*«14 5**. Jf&KJfSft 

T^S. GaAs*&14 1 fc{iJ!^«9J£Rtf>IHP» 

tffStt^ftTfc 1 ,, MP»*iItT»ifiLTV*4nSZnS 
eXb^dfS^rt'Jf 1 4 2<0:Kffifc:k, PJtSC^JS^SiO 

2 ® t ^miksi mti>*t>*h 1 4 5 

[0004] zcoxoKmrnzio^xytmrnizx-oxu 

~Wffitfi&.lhZkl&. mtH. P.D.Floyd, J.K.Fur 
dyna, H.Luo, J.L.Merz, Y.Yamada, and T. Yokogawa : 
Proc.Int. Workshop on ZnSe-Based Blue-Green Laser 
Structures, Wurzburg, Germany, September 18-23,199 
4, p.77, Phys. Stat.Sol.(b) 187 (1995) 355(C^$ix 
TV»S. ftMLtzl/— fftti, GaAsSMl 4 1 WWPgP 

[00053 

^SfifeSwMrfe^ftU-ir 1 4 0 0 teli, JilTcOi o 

[ 0 0 0 6 ] 1 fc. flaWDflfitTtt. toWHrCfciSi 

o 2 1 si n t 3&»6jba$ ti h zmmsiMm. 1 4 5 c i o 
t, \]-vm^ftmc?>mMn£fatmhtix -e 

*5>fc*> , vSttJl 1 4.3(7)0 *>t'^SMRWM 1 4 5 Ttt 

m<mmim%*m.n& i mfais~-*f£'&z>zkiix~2 * 

[0 0 08] Sg3C ^feSSiOz/ii^JSIlSiNJik^ 
HIT'S) & . 
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[00091I4C, Cl£ F-TLfcnSZnSeXb:?* 
yt;Hl4 2fc#LT£ttftSi0 2 Jii:awiiftSiWifc 

(2, KSOGaAsS^l 4 IO— «B£l$fc£LTl. — iftB^J 

Olz^ Cl£ K-TLftnMZnSeXb^v^Jll 4 2 
comw* mfoX^mizBfcL* Villi* t>%\\ L*> 

(C, GaAsS«14 l^x-yf-V-^ioT^SrJfM-TI) 
Cl£ K-TL^ngZnSeXb^S/'-wWIl 4 2<9 

[ 0 0 1 0 ] 3B51C, GafeSftl 4 1 CP—tfftfcffilf 
■^4J8S:»«L/£afc:» nffiGaAsSC 1 4 1 tfXtfcffifi 

7u*ixx*m&kBj8.'t h z t tfmmvh h . 

[0011] ifEHaaSr^TffiaHfet^) 

x-h *) , ^^awti, ( i ) vffiBvwm*iiL-a&^ 
Lz^mm'ftftt&mm&M&mz&tm?. Kbit 

*mktz>ztx'*>&. 

[00 12] 

[0013] *^Hj«fli!^ffi^ t j;ix{f , mmtm&m 

X i > h pIx f ^ is -v S y'nlx b" ^ ^-v 

< 1 1 -*<0±t®JftS*LfcZnQJI k . Sr«i. . KZ 

EBAWSftRSft.*. frtepSxb- 
14®co±g? CSX $ iifcJl t ^ ti , miiezno 

[0014] ±E<0 J: d ^rSXftiSiSaiftJKSlt^ttJV^ 

yrmzmmtzim zzhizmth. 

[0015] *mi<7)Zt*iz{&commizititf,mm.#i 

^ $ fLT ^ h pMx b° ^ ^ ;PilS.t/"nMx b ^ x -V 
yPflt, f £pSx b ^ 4f x -v ;PJfS.lA*nSx b^^fv-v^ 

ZnOJlk, ^ZnOJltcJ:->TH4tt3tffii*fc:^$ixT, 
TtS-RW-f&RSt^i:, KRStttfcKZitfXfcoiBIfcffi 
X^-SKxb-^dp^/uXKU ^^«tc«JBrr«.xa 
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1 o o 1 6 ] h^mmmmx'it. ffimLmmmot tsi 
[0017] t&comtmmx'H. m^m.^?*^* 

MLfcAutGetNi fcj6»fc$r**ffi£3fcfc:«;iT 
OS. 

[0018] *»BH«0S fetcffi^ffifc: J: ft-lf . SE* 
^■wUIi:. f^lcoxf^^f^-v;l^a<7)±tz®fig;$ix 

■9-<J5mHfcSa«i4<tfc. SZnOjf IS 

^2cOxt"^df>-v^SO±t. f&nO/Itcffliii&J: 

$• m t x ssa l t o s isa? i cox f ? ^ v-^ turn <?>m 

[0019] *4|Qi»JB-CH;, MieS 1 WXt^^fy 
•v/Witf) 3 *>T-BuieZnOS b MfSlg 1 ORIt^ t tz&t 

[0020] mcommmx'it. SMe**«««**GaAs 

[002 1 ] $ ^(cffecoHM^SItii, MIBSC 1 RtfSS 

2 co%.Simi± . ftlfW i0 2 1 Si 0 2 £ £> & £ £ flffltif 

[0022] #«^<0£^SSS3^*^OS»*jfe 
tt» II-VI«M|i«WWim*»4)fllJSS*i.**S:. CH 4 fcH 2 h 
Xet 5r±BE^-i:-rs^X2rfflOT F7-f Xy 

[0023] ^Hjoflfi^ffitCfcixJf . 

x£JBOTF5-f xyfy/U, SIS 

[0024] fciSGUBJBTtt, f&K* IWPiOlfcZnO 
* SrS^&OXIt £ $ . 

[0025] teonjBBJBm±, mrfeznoatciiiixfc 

fltttc* T^XvffcUfcKSSfcJBOT, Ti0 2 JIi:Si0 2 Jl 



[0026] $ ^tcfla<»5ias»JB-c«, mvm 1 oxb- 
* * i, ^ )vm t msimitm t mmm 2 ox tr ? * ^ + >i< 
mb£'£tsmmffimtfG<itemL<7>±iztftg : ztix& 0 . 

f£GaAs£« £NH 4 OH b H 2 0 2 H 2 Ofc Oil^&T'X -y ^- y 

-t-rs. 

[0027] *^HJc73$ f>tcfl!!O^BtcJ:<x(f. Sit* 
«SHSft3t*^«0SWfe& t . ll-V«^flcttf4A>£> 

WC, ZnO, Ti0 2 &tXSi0 2 Jf*»£&£^-r*^jgifl 

^tiizttm^^hmtrmm-tJMm^Lxts^. 

ZOZblzX^XlS&EMW&ftLZtlZ. 

[0028] *%Hy1C0S ^(CflfiCO^ffitifXtf , SEft 
«Sa*#*?<0iBi2r8c#, GaAsg«t£. NH 4 OHt H 2 0 
2 k H 2 0 b £ i: -f •§> ffl^SJS T*x -y f - y & ZM 

h. 

[0029] fWBtootBiW*-*. 
[0030] *^b^T"(±, ±EO«jtlC«fc o T . VfilZ 

^mm^Mmx-mttLtzimmmm^^miziix l . s 
[ 0 0 3 1 1 tn, mwim%*Mm& i mfti'—rzm 

(c-T <'iX7tx -y f - y A^lffi btch. i<?5«S*« 

^mzmz-thffi&ki&m-h z. b imm&th. 

[0032] $ ^tc. ^ H Q B Si0 2 St ^ B B B Ti0 2 ®k^ 
6»jSS#I*#»^^JBlRESt*"Ctt, Si0 2 kTi0 2 k 

[0033] ClSr H-7°L7tnMZnSeXf^dr^ 

^/WJIt»U-C^teASip,«i:^ttfl,Ti0 2 Jii:*»4>fK« 

[0 0 34] V- ■9'3t*aj*Wi.JS*»«Ufc» 

t s nSGaAstC^t "f S «ffi t fiaro Hr X S CI 

[0035] 

[zm-rswxwmth. 

[ 0 0 3 6 ] 01 ( a ) ~|2 1 ( c ) ti. ZnSe^I I-Vl 
U— tf 1 0 0cD*tj££7K-rHT£)£. Hi 
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( a > «. zmfci'— ri o owmz^-tfmmx-h 

0.01 (b)li.Hl (a) 0M1 B-l BlZtHfh 

mmmx-hh. ttc. 01 u> i*. hi <b> 

[0037] <f 100 Tiis Si S: H-T L*: 

nSGaAsS^ 1 1 cO±£ s CIS: V—T L-JfcnMZnSeX 
^is-vJUm (fy-vVM) 1 2, ZnCdSe#FJf kZnS&K 

#FJf 1 3 . RXf\i% H-7't^pSZnSeXf^^f>-^^ 
I(^7»yFi) 14*\ Jg&SJiSftTV**. pIZ 
nSeim^Hl 4^pBiW-tS, fggSES:^-t 
|.^<7)^B B BZn0iiaJil 5 a*!!® StlT^S. pSZn 
SeXb^i^rA'Jll 4f7)±kGaAs^l lSrX-y-fy 
^LTKtBS-^rfflZnSdil 2<J9^ffii:tC{i, ^fcSJIS 

i Oz ii t &b ah o 2 s k s> ads $ n s &mmmm 1 

7pW1 7n3&**<lW»«3#lTV^T» V-<f%M 

if 1 5 <0±fcttRSf8 1 7 p SrS 5 £ d tiSAuPdlffl 
1 6jWBlRSn, — £\ nSGaAsSUl l^fflWini 
AuGeN i MM 1 8 $ tlX ^ ^ . 

[00381 01 ( a ) crmWmX'it. EMttit 1 7 P 
(4. ^«il 6TS*>iXTVkT^.^^rV\ GaAsglK 

1 KO^t45k:}e«S*i4IHna5 (J8) 2 0OJKSPtffi 
S^*ffl«K:»fiRS<l*RSf«l 7 nt. 01 (a)T' 
J4&*$r^. 01 (O iO.R»il7p* ! R 

[0 0 39] <I«D¥#ffcl'— " «f 1 0 0<7)pWMM1 6 kn 
Sttffi 1 8 fcOfatc 2 0 ViOftJESrEH&D-tS k , pSLM 

mi 6frt>&x2tit:W8fi.te. znoaasi 5<mmi 
®ztix. znosixiii 5t%Mmi 7 p tammy y 

^#<O0Bf!£ffioT^«fi^#Fei 3tzfflti&b* * 

[00401 M Lfcjfli. ±T<?3RSt« 1 7 P&tfl 
7rUc4oTK8*$ix.£>. 2 -*Z>RSl«fD 3 *>T'SStil 
17 P ii WiS*T.&K^)Ji»Sr#<r6ikt=J:^ 

(4, E*t«l 7p<0RfWi. 9 9%T*S. — 3T. & 

4 0 . U— !f3W4. ^EPT*-t J: 5 £KSttt 1 7 n Offl 

[0041] mz. i oocokjsis^, 

02 ( a) -02 ( e ) sffl^TRWi. *mm&m 

Tit. ZnSe^II-VI^^»^«*^r}Sk LT\ # 

[0042] . Si H— TnSGaAsgflR 1 1 i0±lC, C 
l£K-TL£nSZnSeXtr?^i^7l^f 1 2. ZnCdSe# 
F« k ZnSe; n* >J T M k frl> ffi & £ ft h # a*^#FJf 1 
3, RlMZ K-rL^pMZnSeXtr^v'-wWll 4 
Sr. HB&xir {&U 02 (a) ~ 



02(e) T'{4. fiWHfcOfcifrfc:. GaAsS« ll.nSZ 
nSexb"^^i/^;U® 1 2. RX/^MM^WM 1 3(0 

[0043] 1 0 0<r)±MM<OTu 

[ 0 0 4 4 ] NSr K— 7°t^pSZnSeXf^4f z/^lVM 1 
4cr)±t. 7*Miy^57^Ci-?T, RflBBtt (IS 
fll 6/im) OI^'.XMn*:? — >"1 9SrfM-T-i>. -fCD 
l/y^WV-Vl 9£r-?.X?k UT » NSr H- 
Tt^P^ZnSeXt^df i^-r;^ 1 4 Jl^yfy/t 
^iXCioT, 02 (a) iZijk-f £ d t,Z ^ pfflZnSe 

hftfzmmtz^xiim%)<7)BZimnzft&-ifx\ 
%<nm>mmx'{±m.ii wm tt>ft&. 

[0045] Z<r>mz^ J5§* s «t4>it^pffiZnSeXf 
J'^fj/A'/HH^iC ^*£JiZnOS3&a 1 5St^n* 

T. 02 ( b ) i 5 fc:«8S»l*^)fcrt^lSAZn 

[0046] 7th'JV/57Sl:i'3. ^SM 

Rlt^ 1 7 P fcfe^JS (BS 1 2 u m ) k 

1.1/yXW^-^SffML. *<0±*»4>, ^B B B Si0 2 

* t ^ B Q B Tio 2 s k *» ^tt h ^mm xn y ? u 

02(c) tc^f idC ^#«sl^-if 1 0 0<0± 

ffi«C, iffgl 2//m«f«^lMill7p 

[0047] <XtC. NSr H-7'L.fepSZnSeXbr^dfi^-v 
1 4 <?>±Kpl!AuPd^fli l 6 Sr^TS . ftttWC: 
(4. pSZnSeXf^^r>-v;uai 4«tW:I$ 1 0 n 
mcOP dilSrll*t. § ^(C-eo±tC)l§ 2 0 0 nm<0 
Au^Sr^#-r^>. ZtllzX-oX. 02 (d) lz*-f£ 
ot,Z. NSr H— rL^pMZnSeXf^df^^/ujgi 4fcAu 

pd€® 1 6A<y yymzmm lx v ^pswm^ 

[0048] &(C. «f 1 0 0 <7)SB(Sli7)Tn 

[0049] i-f. yxbWT'yymizX&lmjiZ® 

^C-r SiK-rnSGaAsS^l ltCfWILT 
l^*L. $4»(CH 2 S0 4 : H 2 0 2 : H 2 0= 1:8: lX'b&M 

smmzm^x, GaAsmmi izmztfi4 0umi,ztc 

[00 50] mz. GaAs^l 1 £3 ^tCXyf-V^L 
tt@3 OAtmcOfgSrSttT. nSZnSeXhT^=Jf s^-v 
A-JI1 2£g{jU£-£.g>. ^ixt4. ^ftcP-1f 1 0 Oct) 

mmx'h i x , GaAs^s 1 1 l-cs 
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&&Lt«8k£.. NH4OH : H 2 0 2 : H 2 0= 3 : 6 6 : 2 OT'fc 
ia^aKttX-yf-vyfi: LTfflWtGaAs^&l 1* 

X\ GaAs**£TX •x^->-^-$ilTZnSeA>*IS{l! Lfc*jft 
3 Fa«rZnSe«ffl36«»aj'C# 4 . S&t, GaAsg^l 1 (C 

GaAsSK 1 1 0<O&mzU& LT^&pSZnSe 

112 ^it^^S . %<F>m,Z 0 7 b^^fT-ot , 

£«RKattfti 7 n (01 ( b ) mm 1 ( c > #b§) 

[ 0 0 5 1 ] Srfc. 2|s||*ft^®f <afflLt#Sx.yf-^> 
fl^Jtti. NH 4 OHiS 2 ~~ 5 . H 2 0 2 {i3O — 7 0. H 2 0til 0 

[0052] zhiz^ b y vfyymzft-ox 
%>mm%.MMi 7 ncr>®%zui;xhJ-<?-yx'#rt- 

LfclklZ, JS£ 5 nmcON i ff£ 2 0 nmCOGe 
IK, US 3 0 nm^AuI, I?2 0nm(7)Gei, JI 
J60nm«Auffi. J5£40nm?)N il, £#J¥$ 
1 0 0 n m<0A u JgtSr . JK&3g3Brt2> . &t£l>z 
7£fflV>T, nMAuGeNiSffil 8£f£SH-&. 

«osfcByBffl«H: . ^wtc« 230 °ct& %> . 

[00 533 ^^JimiNi/Ge/Au*>#JMI£ffl^T 
nSAuGeNi^ffil 8 4rf^RUTV^4 #>\ SSlJftfDN i$ 

OiS$Sr5 nm~2 0 nmCOKHrt^lSSt-iltf. 
■S>. 

[ 0 0 5 4 3 H3 fc, 43OI0CfflK>£lf*fMll%¥ 

s»*u— r i o o^€^-i^-ifttiMfi4s.y'*»s-fl; 

( 7 7 K ) W*8TOLfc»£fc»fc*l^Slj£»»* 
[00 5 5] ClixJ: 0 . l>— if ffi^J^ifeJi^ilKS 

fit. -t^*>L#v^^fitii^3mA-e*-5T. wt>x 
[ o o 5 6 ] 04 ^^jgjHwaessa^wfe* 

SEflcl—- f 1 0 0 <r)#gb%<r>X'^9 h/USr^-f . JMfcW 
tcJA. ffiftMISSiSJg ( 7 7 K ) X'JW^WMVtzm-Slz 

m^titim^m^Lx^. mm < a) heis® 
abo , j£m (b) rawaa^u&v^ttithoo. 9 

[00 57] ZtlX K> „ t * v^fitmgSmTT' 



*4 (b) O^tli^n-KfcS^aBfoWl&ilT 

if as#<tt tytix^hzt tmvzx- %%.v -if wm& 

fil±4 84n mX'fo 0 , U-lfSSStgUO*'*? 
iiO. 9nmtJ)J. 

[ 0 0 5 8 ] H 5 fi. ^HSfe^iOSlSftffiSiSWfe* 
SWfcU— if l 0 OrtjSSgfW—y&TFrt: JlttftC 
?S*^^iaJS ( 7 7 K ) TVNVPXlBKt^iS-^Wt 

[0059] Ztl£ *) . »4>*Ut»CftfftttllJ7*fca«> 

^HifiJ^ffiiO^ftU'— if 1 0 011 AuPdfiffil 6 
^*N$- K-rLJtpSZnSeXt^df i^-v^a 14CU 

noaa^ffljt^j: <o nm&mzmffitfmmztLx^z . 

%c7)fz&>. VSat. U>^«tf>AuPd«ffil 6 36»4>P3«tt 
tcgfiixT. vgttiiT'Sb^^fiS^FSl 3«±A$ix 

^, «, U-if t A«0ffl tWkoagJi 1 2 m m t JtKW^: 
[0060] *Hjdg^JB«o***^-if 1 0 0<7)Bf&lz 

fcti-oX, WffiBtt (ttSl 6/xm) cOUS/Xh/'^- 
>-l 9£v*.?fc:fflVvCN£ H-rL^pMZnSeXf^Jf 

y+;ni4^x 7 fymK, itr^x-z^-A-y 

Jffi^Jtfil : 2 : 3) 7X-y hx-yf V/ 

[ 0 0 6 1 ] — ©3fiT-Ji. «-fbjc*»XTX*fflV^ 

H 5 x y f-Vi/^b^^fr^^Jnxo^ k t 

itAj-yx. •y^-yyiz-o^x (i » i fLi Tic: v ^ < o^co 

~P§^. fdl : «^JS^ (1995) 30 
P-ZN-15. ggV->(±Ohtsuka et al.: J. Appl. Phys. 75(1 

994) 8231) . Lrt>U ^WlttM^Jffli^H 

7 X -y f - >-^T- 1> . X -y f - y^aKA^V ^ fc* 

[0062] itttCttbT^Bjmi. CH4/H 2 ^^'X^ 
XetfXZmA L1ZW&tf2.*iS!m-t& E C RX -y ^->-j7' 

[0063]l6li. X-yf-y^^<7)Jpa«£Efiic#14 
*7Ftt"57X'3>&. JI*WfcU4, GaAs*K±^MBE 
L TtZnSeJiS.t^'ZnMgSSeJi $r , CH, ^"X fc H 2 ijX 
kcDm&*?X. RV : C\cr>m.-&rfMzZt>t l ZXerfX3:m 
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[0064] Ztl£ 9 , -fomtiMzX. e 4 
Xe^S-^AL-^V^-g-fcit^f. ZnSe&t/ZnMgSSe 

SJg*£<=5:4. 

[0065] JjJLhOr-^ti. CH 4 <y;#x»£S£ 
1 s c cm. H 2 <0#.*8£Jt£3 s c cm. RZ/XeCOtf 
Xg£S2r0. 8sccmtU^<ltV^. LA>U 
£*W^«;U*i£HI&*i4 fc^>TI4 ! Sr< . C^oiS 
fifctt^4Xe<Z)8£g<7>Jt (Xe/CM #0. 5 J; 9 
**<1. SiOt/hSvM-f**?^. 0. 5<Xe/CH 4 
< 1 . 5 ) t ^ -5 ^ff* ! l!t S ft*Uf . X e tfACDftm 

[ 0 0 6 6 ] 07 ( a ) (i. *SQB|SBt:Lfe#-5feXe 

T'fcD. 07 (b ) ,i % fl£*a«fc:J:*«»S:fflv^H 
7^x y fy^;j; DWfcftix.yf-v^'TeHfcfrStsiew 
fc^tf BrBfiaT* « . 07(b) i 3 K . <&fc8 

t. 17(a) tc^-rj: o izzmmBvimizxti 

BCfriSl fc*± . 33 8 0 Jg?)x y ^ J^aSTTftfcx -y f. 
[0067] Zcr> X 5 ^CftfcSlfftefcSrJ-Sffllfi 

«a*si6tc#js $ ix-r izmm&tttfigMtfjzw -> tz &m 

mz% o x v ^4 *&fcrti . *8KAH-# 1 «s(5 £ tvfkJZ; 

Wix. 'ts&mizmm i M<P2ti%\'\ u>>u 

rzTrozbizx^x. mm.mzi-<titz^-y^y^m 
mwf&zti. m$$.wmzmLtzmmrfmfc2ix& . 

[ 0 0 6 8 ] 08U\ XmMBmiZ LtztfitzXe XX 

*m-x Lfz* 9 yRt/Tkmzm^tz v y -i x -v^-yyt 

V^B#. S.U r F7-<X-yf->'i7'fiC7)'>X-y hX.y^->-J7' 

yxfoh. mt&mzii&i&mzm^t: K^^xyfy 
r/<oi§-&-f 4 s K5'fx7fy y^mmz p L5wsa*s» 

XL-tz^-9 >Rtf*.mz i|,K7^X7f y ^<z>*£ 
^'fxyfyy'mt,. PLX3fSWKott£Ki 



[0069] JjLhoSti'JJ'CJi. ZnSe&OnMteSSetCftft- 
4 X -y 1-y?W&Z&l B M L*Ct ZnSSej&V HiCdZnS 

ra*^* &x v*>?m&ft&zb tfxz 4 . 

[0070] IffifcOJ: 3 fc. *H)ti^®T1±. 
[007 1 ] GaAs^fc-III-V^ft-^j^SIEfrU— <fT 

J«*it4. U&»U -jRtanSe^II-VlflHfc^B^Hiflc 

fc«> t % znse* 1 1 - vi wm»*tmj&» 4> «r * m<r> 
Bmkizftfrti&&&g&io 2 m&m<7)B&JLmi,zi5^ 
x, ftizB&ztix^&Tnsemi-vmfc^mtmikm 

0M&&\t Sr ± t S -yr^r vvt ttfc f 4 , ZnSe^n-vi^-fb 

[0072] L*^L» i«Oip^r«a-C»fi65tlJtSiO t 
(iraM^tn ^ B H B Si0 2 aaJ15:X-yf->-^ 

[0073] $ ^*S B a B Si0 2 <?3aJif5^*(4A^ffi^ 
[0074] -€-it?*S6H0»JB"C{i. II-VI^^l^ 

— n«e^x \z'?*=/vj)sm c?>±X'®%& & < ®bk s 

aff*$r*-r4«m'J)4^ B B 3 ZnO$-fflV->T. SiiJi 
[0075] #«Drcfft*S«ii*0*mi: LTffiffl-TI» 

znos(4. i i-vim<titfy*mmtm<r)--^xb-?x , z n 

Se. ZnSSe. ZnMgSSe^rif^^fcittS^iFtt^fii^T 
T^4. 

[0076] 4fc, ZnOii. WbX &< , * 

cOS!HE^c7)ffi(4Si0 2 (Offi^3 OteifiU. ffiot, Zn 

4. 

[0077] $ 4>tC ZnOli. ZnSe. ZnSSe. ZnMgSSe^ir 

t'lzst^x minmt>m o# . -e<yjH(±jiffi^©iaT-fe 

4. 
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[0078] ftttwcuu mm? 7 v vmtztuf&m 
yrmtimMtmzim 2 . 5—2. ex-fo&wzttLx. 

«^3l^iO,fcJ:ftttliaaJI'C{±ffi*f****lJl . 4 

[0079] ico J: 3 fc, Zn0ea»£3:ftfgi|£mJf 
[0080] fiUKOKB^-CJi , ^IS&ZnCHt&Jl 1 5» 

ft#. 7Dt^(SSmtffil^tt £*t£OJl<75 

x> n° >y ft £ b 3WJfc»«rr* ft . 

[0 08 1)12912. T^XV'ftLTtKS^fflV^T^iX 

^coesr^-rft^ffloA>n.ftsia9 o o^b&h^ 

[0 0 82] M9 crm&lz&^X . K&&&90CQWZ 
»ft^*Ut«ffi9 60±C II-VI86¥W*?X^ <£ 
«) 9 1*SSW-4. ")xa9 Uztttft&Xo 

fc. ffi<7)fBffi 9 7 (TXBcZnCL Si0 2 ^^(±Ti0 2 c7)^-^-' 

7h9 2^satJ. Jt?s««9 0fcfci, 

9 3 , SEfis#Xi£A«9 4 . atfWSUR 
9 5* { |g(t<bixTV^ft„ 

[0083] IftWfcli, ^-y-yf92S:')iA91 
t#tLTft«tSt=«-5fc«!BT. Jt2Sg»9 0tf»f«fc:* 

—try h 9 2fcl*l3&»oTJlia«KgS-fr4 . d<^»^T', 
9—y «y h 9 23&»<?>KKL«:tm* t 't<Oifi< KHftiTf * 

ii-vismi*s«9 1 <5o±tcita-r ft . 

[0084] H9 fcjKtlSS 900 <73«j£Tli. 
ytfxm*M9 3«»£>Ar#*£g®gE&9 OcD^Hc^A 
-fftfclSH^ft^ l»#x#A«9 4J:D18*£Jt3££» 
9 0Oft=#A-rft. ScmCi oTT-^Xv-ftL^K* 
(i. II-V«¥z$ft:fflE9 10±(CitS-rftZn0^t'«OM 

<7mm<r)W?Zm<z: b , &«=5r$t£f#ft £ t a* 



SSiiin-rft. 

/o^ssgft t ft 4: . mtffifi&wt&Mi&mt 

Sr^A-rftdfc^iD. £<3R*»»t*«HW-t4£i:# 
T#ft. £0>*S*. 2>t££kSi0imb&&ikHOiMbfrt> 

mtitztizzmmsittmi i psvi 7 n<o£itsp£?s 

<^-ft£i:A { T'#ft. #3UfeJ£ffilTii. £&A 

si o 2 m b zmgkT io 2 n t &n- 8 mtmwmm Ltz&m 

mU&kiZti ^X. M490nmt»U99 %&±CO 

[oo86]iioa. *mmm\,z®_'>xm$LZtiz> 
^m^Mmcomw^m-Wi^-t^v y xh ft . £ 
<?M%frh. zmmmtzztui , £@Asi02JB££t& 

wawsi * fix , a*ojJ5i ^sfs ^^-r ft ^m^Ksim 

1 7 p a^' 1 7 n A<# ^>ilT ^ft £ b ft . £iX ± 

i7nti m*bx ^Rst^^^^sr ATft ft a 

[0087] Btriitfo i ^ (c. *HJfe^®t-(±. IXTcom 

MZ£*) nSAuGeNi Hffi 1 8 £ fgffl LT ^ ft . 
[0088] TOSBtcMf ft 7*h\)V? 

7 Vlm-^^Z-th tlMZ , 3jsSafcjgJj|-CJi % SiK- 
rnMGaAsS«l 1 tC-M-^LT^&InSrlifc^U 
tx-y^y^S-H^T-fft. -f^*>. ±IBc07°D-fex5r 

Jfflt ft fc At»± . ^S^ftB#tc5S *) Him (CfflV I n 

*mm&b Lxzcot&m^&zbtfX'Z-f. mtzizn 

M±— WHZ 3 0 0 KllXT b o ffi l *aflTCj«*-$-4 o 
T. •C-^ft^tffiv^ro-fexSS (^>-^-iajE) 

- 5 >y ?mt&ZBtfZt&<iZWtf$> ft . {-O^AicU. « 
flil 8 2:nMAuGeNi*^^-rft£ t^'^T'ftft . 
[ 0 0 8 9 ] ^ 1 (i. «coffi^»«t L-CflUffl^TIMr 

k ^fLftSH^arSSi: ff^ixfttgMffi^ffik SrwrT . £ 

MJftKMi: Uli»5x 1 0" 3 Q • c m*cr>mmktlX 
V>ft„ 

[0090] 
[*1 ] 
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InSn 


AuSn 


AuGeNi 


AuGe 


. CO 


275 


245 


230 


275 


(Ocm*) 


1.84X10" 2 


4.15X10- 2 


5.00x10- J 


8.18X10- 3 



[oo9i] ( m 2 commcomm ) 2 onsg 
mmiz&wh^mwv— fi oo£. 0®t&-^-cst 

[0092] ^iteB!B<?)¥3WfcU— »f 2 0 Ofi. II-V 
I SMiMWMc U ~f flBS tZhMgSSex f ? * •> -v /W&Rt/Zn 
Se#F « *» * & vSttH «r ffl t ffcfc U — f X'fo 

[00 93] 121 1 (a) ~I21 1 ( c ) J±. ZnSe^lI 

-vi m*mfr & m v ^*iaBgJBfe: «fc & sifcftisssMur 

!i, ill (a) li.-¥8M*l'— ^2 0 0^HSSr^-r 
«2T'& 0 . 12 1 1 (b)tt, Hll ( a ) <?M 1 1 
B-l 1 B{ciotti.K(rffil2'r-J>i)„ 1211 (c) 
ii, ill (b) fcjj*S*i*»TH*£flcWfc«Ufcfc«0 

[0 0 94] *mfoV— 1f2 0 0-C'(i;, Si£K-rUt 
nMGaAsSKl 1 1<7XBC CI £ Y—7 L^n^ZnMgSSe 
Xt^df^A-^JB {9y v YM) 112. ZnSe#FSi: 
ZnMgSSe^N'U 7«fc*^«j££fx-CvStt»i LT«t^ 
S#M?#FJi 113. K-7'L/ipSZnMgSS 
eXt^df^-r/WI (777K1) 1 14**. Jl&Wi 
pMZnMgSSeXh'rJ'df^-wWll 1 4c7)MM 
tC(4. €SE^^-r§^CO^ B a H Zn0iiSJll 1 5tf 
ieSSixTV>i, 0 pMZnMgSSeJCt^df^-wWll 1 4 0 
±tGaAsS«l 1 1 £x-yf->-^LT25fflS-££nSZnM 
gSSdll 1 20^St«i. ^f B Si0 2 «i:^^Ti0 2 
JIi:*»i5>fll«S*l.4^JlBIRartil HpS^I 1 7 n 

ttmt LXfflfcf&. Sfcfc, ZnOSjXjfl 1 5tf>_t(C 
ttRSMt 1 1 7 p SrS d J: 3 toSAuPdlffi 116 #30 
j£$ix. — 3fr, nMGaAsS^l 1 1 ^SffifcJinSAuGeNi 

[00951HH (a) nmwBtvit* mm 117 

pti. «SS1 1 6TS*>ixT^TJ.i^rV>. GaAs 



isii i co^'bmz&f&ztitzma^ (js> 1 1 90 

!S»fc:ffiS-f&ffiB{cJBjaSii4RiMll 17nt,i 
11(a) -Cttfti*^. — 121 1 (c) iO.R 

mmi 1 7 p 3&*n«»«T* 4 ii: sssu; 

U-1f3tt±. GaAs»£l 1 1<0IHP«1 1 9£&tT. 

[0096] *H»®^fc^T{i. CI* K-7Un 
SZnMgSSeXb'^df is* JVM 1 1 2&tAI£ Y—TLfZP 
SZnMgSSeXb'^df^-wWl 1 14 Sr. GaAsS^l 1 1 

tznmste s -fr-c jawe* * . . . «p D q«t<7)x 

S[«3mASJKi:aftr/jN$V\ U~ IfSBRifcft 

{i4 6 4 n mX'f>iX . ^1 «05l*t»ffl<0 3 l £ aW*cl'— if 
lOOiOtJaaST**. ?^>{C. Kltfti: LT<±. 

^ 7 jg t she v am t> tl h . 

[0097] ( % 3 onsfccmis ) ^fttynm 3 co^m 

J^®^i3tta*3S*^-1f30 0$-. Hffitc*-?Wt8i 

[0098] ^aee«W>iNW*cU'- if 3 0 0(i. ffiii 
M tCZnMgSSeX t° ^ ~> -Y >VM 5r ffl V ^ WfeM^Bt U— 
-tfffcS. *HSte^SIT«. ST. NSrK-rLfcpfflZn 
SeXtT^^^^yP® 1 2 4(7)±^RI5^ (ESI 6u 
m ) <7)Si0 2 -? X? Zffif&Ltzmz , Ztli-?X7bLX 

mmtX. NSrK-rL^pSZnSeXt^dfi'-wWll 2 
4 5-x-xf-y^-T|> <> *<7>mz. SiQ,V^^*»L3t4 
£T"ZnMgSSeXh'?=af>--WWll 2 5 SrXb*^^f>-^;U 
^■TS i: . Si0 2 -7X^O±lC{iZnMgSSe«^L^rV^ 

*^^"fl). Cl£7)fem. ZnMgSSeXb-^df i^^;pjg l 2 

[0099]I212 (a) ~0 12 ( c ) (±. ZnSe^l I 

-vm s m#t:m^*:*mmmiz£ ssh^bsmw 

(i. 12 1 2 ( a ) {i. i^^u-if 3 0 OtOi'l-flSrTK-t 
ff«l2T'«> 0. 1212 (b)(±. (212 (a)(^il2 
B-l 2BfctJ»tSiiffil2T*S. Sfc. 1212 (c) 
«. 121 2 (b) ^$*i4BfH*£ttWfc:*Lfc*><>D 
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[0100] ¥3*flcU~f 3 0 OX'IZ. Si^K-TLfc 
nSGaAsS^l 2 l^XUc;. Cl£ LfcnSZnSeXb 
>--WWf (?7 7K1) 12 2. ZnCdSe#FJl fc Zn 
SeAUTJIfc#^fl§j££ftTvSttSfc LT^-t^S 
«^#F« 12 3. &tflJ£ K-r LftpMZnSeXb^ 
^-wU-Jf {97-7 YM) 1 24A\ Ha&?»S£ixT^ 
pSiZriSeXb^dfi^l^ll 2 4<0MWC{i. US 
*W&t SJttoOZnMgSSeXt'^dfi'-WUJll 2 5***1 
iiSt UTES^ixTV^o pSZnSeXb^^-Y^S 

1 2 4<0±fcGaAs»gl 2 1 £x-yf->-;?'l.TlSiiS£-t+ 
£nMZnSeS 1 2 2<50^ffi(C<i. ^fgJ|Si0 2 ;f fc^if&fBT 

io 2 mtfrt>ffif$.ztitzmi&Rfimi 27 P rvi 2 

7ntf*ti?tiBi8.Zi\X^X, V— f^m:%htz^ 
<DRStSj!fc \^XW®i-?h. £4>^ m&M (ZnMgSSeX 

i. 0 IwpSAuPdllSI 1 2 6tf&l$.Ztl, — 35\ nSGaAsS 
1121 cOKSWinMAuGeNiflS 1 2 8^ISl!$ixT 

[01011112 (a) <7)fffiHT-(i. KIMt 12 7 
pti. «ffil 2 6T-S^TV»Tl.i.^rV\ GaAs 

ski 2 lco^mzm^tttzmnu («) 129^ 
mmzm%-f&&mzBf&zti&mm 1 2 7 n t . 11 

12(a) XltKt^\ --ft, mi 2 (c) iO.R 

mmi27 P tfnm&yiTb zzt . as Lti 

V— f%\t. GaAsMU 2 1C0HC13U 2 9£3IfcT. 
[0102] ZnMgSSeX b;?=if v-r/lWI 12511 
tfxOffi&il 1 2 5 fc LTZnMgSSeXb^Jf 1 2 

5zm^z>ztiz£L u-^mm^M^ uz 

£ $ t> izmbh ZbtfXZh. 

[0103] ( m 4 cnmmcnmm ) *&wcd&4 cvmm 
mmiz&if&imfau— f4oo^. mmizm^xm 

[0104] *mmm<n>¥mfa\/-i? 4 0011 znMg 

SSeX b 9 ^ -V /WB fc ZnSeX b ? * -V >Wf #>4> l§j£ 

[0105] ztLtx'cnmfc&mx'&mm%Mtmv>mf& 
ttn t Lxim v x v -> s ^jsasi o 2 mRr/^m^t i o 2 a 

J*£ixJfc£0§lR*rt»£jl fc T«»iES:aA-r^ i fc t4T* 
£3rV>. L*>L. ZnMgSSeX b?=*f S^-wlWIfcZnSeXb 

tf . *ft(caw$r^tt8»n£fi 5-fc TIKtt^W^ 

[0106JI13 (a) ~0 13 ( c Hi. ZnSelfcll 

-vi mmft i m v ^t&mnBiBuz £ 4 sit 



fe¥3*ffcU— tf 4 0 0 Ofll5I£5cf . SttWfc: 

tt, HI 3 ( a ) {4, ^sgfliP-- ?4 0 0<D*|«£ijct 
0.013 ( b Hi. 013 ( a ) ffM 1 3 

b- i smzmjhwmmxhh. £tz. mi 3 (c) 

ti. 121 3 (b) £*$ftfclfrW£:£ttttK*Ufcfc*3 
T'£>4. 

[0107] ¥BfcU-~ tf4 OOT'll Si 2: V-7'Lti 
nSGaAsSH 13 1 <D±I,Z , CI H — T L7t ZnMgSSeX b 
^ =3f v- A-^Jl b ZnSeX b ^ v-r ;UJi t *^1S tli> 

nm§>mmmim 1 3 2 n . zncdsvseji 133. &w 

£ K-TL*:ZnMgSSeXb:?^^/PSfcZnSeXb?3f 

^frmtfrhnfRztLhpm.&m&fcsmi 3 2 p 
^\ m<mmznx^z. mtmi 3 3«om«w±. « 

8K!»W S ^46cO#M B B H Zn0aj2Jl 13 4 

T^S. ZL>t,Z. ZnOa32Jll 34CD±U±pm.kiPdmM 

1 3 5#^j£$i"U nMGaAs*«l 3 1 

<4nM AuGeN i MM 13 6 A^ISB $ ilX 4 . §&ig LtiU 

[0 108] 

[0109] II-IVftimif|c« 

o . ^ffl^rx ->,i-vymm*'&h z. t wx-z h . -5-oiSS 

*, «»SSr ^tcaV-fiflBS*^ 4 i k "Ct» 4 fc fc i> 
tc. L#v>««SE2rffi<-r4ifc'A i: T'^4. 
[0110] ^iig a B B Si0 2 )lfc i0 2 «fcj6»4>»«$ 
ix4 ^JRMKAMI-Cti: . Si 0 2 fc T i 0 2 fc crMnWft *<7)i 

msS£<£<-f&.rfc#*-t'£S. Ti0 2 fcrtj»tS»» 
hZ.btfX'%h» 

[0111] sWMHfciiitf. ?<n 

Kffic7)GaAsa«$r ^* LT If tb^J SIX 0 $Sftt&i0> 
mZBtiLL. Cl£ K-^fc^nSZnSeXb^^fv-A'/l'a 
L"C ^M H a B Si0 2 /I fc ^fctfaT i 0 2 Ji fc § tlh 

zmmzMmzmfH-tzizhtzix. cisrH-rtJtn 

MZnSeX b 9 * i/ •* iVM^M £ WbX^tt tzBf&X'Z 

zti£K>. ftvwimzxzRmmo&Twwmzti 

[0112] $^>tc. U-1f3fc*ajStt-4i8*»jSUS 
«ffiSr. ffiiarobX-C^-r4^fc* i 'nrSgfc : 5r4. £ 
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[Hi] ( a ) <± . *^Bj^m i v>mtz&mz&t,i h . 
zi^i i-vi«6^**fHv^affift«aHatiH5 j N»«c 

U-if Oj'hftSr^-t^Hf * 9. ( b ) fcL ( a ) 4> 

«ii b- i Biztm&mffimz'fo*). (c)ii <b> 

[02 ] (a)-(e)tt.il TO 

•§>. 

[04 ] 0i^gifc$*^S»fe^fti/-if^x^? 

[05 j micomm^mnmn^m^—f^mmm 
[06]0i <r>mm^mm.^m^v— rossyn 

[07] (a)(i, Xe#X*WAUI:X*>'airt* 
nSJDX^K2r«^e<)(cS-rSlTM0-e$) 0 » ( b ) ii. 

t « h ft h mum®. £ w&M tzj&t msmz-h h . 
[08] Yy4^y+vy<?>mmz&nhPL%&tm& 

[09] *»^<0lOft«»K:T«effl$<l4» 7"7X7ft 

[0 1 o ] 0 1 osit&«sg*fe¥*tti'— «r tcfeft 
[0in ( a ) (i. *&B}i(7)m2CDmffi&mizt5if 

& . ZnSeifc 1 1 -V I * ffl V > SO^S^*fi¥ 

*f*U— »r<^MH**^t«0T* 0 . ( b ) (i. 
(a)<7)^llB-ll Btctett48)rffi0T-fc 0 - 
( c ) t±. ( b ) fc*S/i*BfBBSri:*Wfc:aiLfeia-C 

[012] ( a ) (i. *«BJ^SB3<OHJ6JKI8fc:*J*t 
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